Complete surgical correction of transposition of the great arteries associated with subvalvular pulmonary stenosis carries a high mortality rate. A new surgical technique that achieves redirection of the ventricular outflows and relieves pulmonary stenosis by bypassing it, was successfully used to repair complete transposition of the great arteries associated with ventricular septal defect (VSD) and valvular and subvalvular pulmonary stenosis in a 142-year-old patient. The repair consists of (1) division of the pulmonary artery, the cardiac end of which is oversewn, (2) repair of the VSD with a patch in such a way as to connect the left ventricle with the aorta, and (3) reconstruction of the pulmonary artery with an aortic homograft, including the aortic valve, which is anastomosed between the distal end of the pulmonary artery and the right ventricle.
C OMPLETE REPAIR of dextro-transposition' (complete transposition) of the great arteries associated with severe pulmonary stenosis carries a high surgical mortality rate. A review of the literature has revealed no series in which complete repair has been done in such cases. Many patients with this defect have undergone palliative operations2 (subclavian artery-pulmonary artery or cavalpulmonary artery anastomoses) although the patients were of an age suitable for complete correction. Hemodynamically, most of these patients would be ideal candidates for complete repair because their pulmonary vascular From Ten patients whose ages ranged from 10 months to 12 years (median, 4 years) were operated on. The pertinent data are summarized in table 1. There were three hospital deaths, a mortality rate of 30%. Preoperative pressure measurements showed that the stenosis was severe in five patients (cases 1, 3, 4, 5, and 9 of table 1) , and mild or moderate in the rest. The pulmonary valve was approached usually through a longitudinal incision in the pulmonary artery, and in a few patients, its dilatation through the VSD was attempted. In each case, the VSD was closed either through a right ventriculotomy or through the tricuspid valve. At the end of the repair, all surviving patients but one (case 9) had left ventricular pressure (pulmonary ventricle) that was less than right ventricular pressure (systemic ventricle). Nonetheless, in most patients, there was residual stenosis across the pulmonary valve. In the three patients who were operated on early in the experience and who died, the cause of death was low cardiac output. Pathological examination of the hearts revealed that the stenosis had been relieved satisfactorily in two patients (cases 2 and 3) whereas in the third patient (case 1) an 8-mm opening was present in the pulmonary valve ( fig. 1 ).
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All the patients who survived the operaiLon were well 5 mnonths to 4 years after surgery.
Subvalvular Pulmonary Stenosis
Thirteen patients whose ages ranged from 3 months to 12 years (median, 7 years) were operated on. Pertinent data are summarized in table 2. There was no VSD in one patient (case 12, table 2). In the other patients, the VSD was usually large and was located in the vicinity of the cusps of the pulmonary valve in all but two patients (cases 1 and 3, table 2), each of whom had a hypoplastic left ventricular outflow tract. In these two patients, the VSD was about 2 cm from the pulmonary cusps, and there was no continuity between these cusps and the anterior leaflet of the mitral valve. 4 In each case the VSD was closed.
The stenosis was severe in all patients, as shown by the preoperative measurement of the gradients between the left ventricle and the pulmonary artery. Although in eight patients there was associated pulmonary valve stenosis, the subvalvular stenosis in each of these patients was the major cause of obstruction to the left ventricular outflow. There were eight hospital deaths, a mortality rate of 61%. The cause of death was related to low cardiac output. One patient (case 1) operated on with the Senning technique had, in addition, obstruction of the superior vena cava after the repair. In two patients (cases 2 and 11), complete atrioventricular block developed. Residual pulmonary stenosis was considered in most patients to be the major factor causing low cardiac output. Presence of residual stenosis is well documented by the pressure measurements after the repair, showing that a significant residual gradient across the pulmonary valve existed in those patients in whom it was measured (cases 4, 6 , and 10), whereas in the other patients, the pressure in the left ventricle (pulmonary ventricle) was equal to (or higher than) that in the right ventricle (systemic ventricle).
Autopsy on all eight patients who died revealed that in each the relief of the subvalvular stenosis had been inadequate. The fig. 9 ) with respect to the pulmonary artery. A left subelavian artery entering the left pulmonary artery was Operation was performed on July 26, 1968. A secondary median sternal incision was made, and the heart was freed from extensive pericardial adhesions. The left subclavian artery was dissected free near its origin and later ligated after institution of cardiopulmonary bypass. The aorta was anterior and slightly to the left of the pulmonary artery. The pulmonary artery was considerably smaller than the aorta. The right and left ventricles were enlarged and hypertrophied. The peak systolic pressure in the two ventricles was equal, being 100 mm Hg. The mean pressure in the pulmonary artery was 12 mm Hg.
Total cardiopulmonary bypass was instituted for 110 minutes at flow rates of 1. transverse incision in the main pulmonary artery. The valve was mildly stenotic owing to commissural fusion, and there was severe diffuse subvalvular stenosis, which was best assessed after right ventriculotomy was performed and the left ventricle was explored through the VSD. Because adequate relief of the pulmonary stenosis was not possible, it was decided to attempt a new type of repair.
The pulmonary artery was transected, and the proximal end was oversewn ( fig. 10 A) . A sump sucker was placed in the right pulmonary artery. Because of the large pulmonary venous return, the circulation was interrupted for one period of 8 minutes after the esophageal temperature had reached 30 C. The VSD was repaired with a low porosity Teflon patch which was inserted in such a way as to form a tunnel from the left ventricle to the aorta ( fig. 10 B and C) .
The right ventriculotomy was then enlarged by excision of a portion of the right ventricular wall around it. The resulting opening measured about 3 by 4 cm. The thickness of the wall surrounding this opening was thinned. A homograft was then selected for reconstruction of the pulmonary artery ( fig. 10 D) end-to-end to the main pulmonary artery near the bifurcation. Proximally, the homograft was anastomosed to the right ventricle along the edges of the enlarged ventriculotomy, using the anterior mitral leaflet of the graft as a gusset in the apical aspect of the anastomosis ( fig. 10 E) .
During the repair, the aorta was clamped for 75 minutes. Nevertheless, adequate coronary perfusion was maintained throughout this period because of the huge pulmonary venous return and the heart kept beating for most of this period. At the end of the repair, the heart was defibrillated and sinus rhythm resumed. The success of the surgical repair described herein is possible because the technique does not require direct approach to the subvalvular stenosis but bypasses it. Anatomic as well as physiological repair is achieved because the anatomic right ventricle is made to empty into the pulmonary circulation, while the anatomic left ventricle empties into the systemic circulation.
